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Abstract Background. Endemic cretinism, caused by
severe iodine deficiency during pregnancy, is the world's
most common preventable cause of mental retardation. It
can be prevented by iodine treatment before conception,
but whether it can be prevented or ameliorated by treat-
ment during pregnancy or after delivery is not known.

Methods. In a severely iodine-deficient area of the
Xinjiang region of China, we systematically administered
iodine to groups of children from birth to three years of
age (n-689)-and women at each trimester of pregnancy
(n=295); we then followed tne treated cnitdren and tne
babies bom to the treated women for two years. W~ ussd
three independent measures of neural development: the
results of tne neurologic examination, the head circumfer-
ence (which correlates with brain weight in the first post-
natal year), and Indexes of cognitive and motor devel-
opment. Untreated children one to three years of age,
who were studied when first seen, served as control sub-
jects.

Results. The prevalence of moderate or severe neu-
rologic abnormalities among the 120 infants whose moth-

SEVERE endemic iodine deficiency causes endemic
cretinism, characterized by deaf-mutism, intellec-

tual deficiency, rigid-spastic motor disorder, and some-
times hypothyroidism.1"5 Cretinism occurs in as many
as 2 to 10 percent of the population of isolated commu-
nities in many areas of the wona,5 sad i; is considered
the world's most common preventable cause of mental
retardation.6'7 In iodine-deficient populations, a mild
degree of mental impairment occurs five times as fre-
quently as cretinism8'9 and the IQ curve of the popula-
tion can be shifted 10 points to the left.10

Endemic cretinism can be prevented by iodine treat-
ment, but its pathogenesis remains obscure. Treatment
of sporadic congenital hypothyroidism with thyroid
hormone beginning in the neonatal period permits nor-
mal neurologic development"; however, iodine treat-
ment at birth does not prevent endemic cretinism,12

which is caused by a combination of maternal and fetal
hypotbyroxinemia during gestation.15"" The mecha-
nism and the timing of this developmental injury ha«?
not been identified. We designed this studv to clarify
the time during fetal and postnatal development when
iodine supplementation is effective in preventing brain
damage and, conversely, the stage of development at
which iodine deficiency results in brain damage that is
not reversible by iodine treatment. The study was per-
formed in an area of severe iodine deficiency; we stud-
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ers received iodine in the first or second trimester was
2 percent, as compared with 9 percent among the 752 in-
fants who received iodine during the third trimester
(through the treatment of their mothers) or after birth
(P=0.008). The prevalence of microcephaly (defined as a
head circumference more than 3 SO below U.S. norms)
decreased from 27 percent in the untreated children to 11
percent in the treated children (P=0.006), and the mean
(±SD) developmental quotient at two years of age in-
creased (90±14, vs. 75±18 in the untreated children;
P<0.00lji. treatment in tne tniro trimester of pregnancy sc-
atter delivery as net :rripreve nsuroiogic status, bia head
growth and developmental quotients improved slightly.
Treatment during the first trimester, which was technically
problematic, improved the neurologic outcome.

Conclusions. Up to the end of the second trimester,
iodine treatment protects the fetal brain from the effects
of iodine deficiency. Treatment later in pregnancy or after
delivery may improve brain growth and developmental
achievement slightly, but it does not improve neurologic
status. (N Engl J Med 1994:331:1739-44.)

women and young children, and then followed the
women's babies and the treated children over time.

METHODS
Hotien Prefecture in Xiniiang—Uighur Autonomous P.egion, P«o-

pir'i Hepubiir of China (population- 1.2 million). U an area of severe
iodine deficiency in wnicn adequate iodine intake has not been
achieved and in which cretinism occurs frequently. The concentra-
tions of iodine in the water and soil are among the lowest ever re-
corded. The area is in the Takla Makan Desert on an alluvial plain
near the Kunlun Mountains.

This study was carried out during the period 1990 through 1994
by a joint Chinese-Uighur-U.S. team in eight villages (each of about
300 families) in Tusala township (population, 31,000), located 6 km
from the cky of Hotien in the Karakax River plain. Severe iodine de-
ficiency has long been recognized in this region: 2 percent of the peo-
ple had cretinism and 54 percent had visible goiter in a 1990 survey,
the median urinary iodine excretion is 10 to 25 fif per liter (0.08 to
0.2 junol per liter), the iodine content in water it 1.2 /ig per liter
(0.01 junol per liter), and that in soil is 7 to 240 pg per kilogram
(0.06 to 1.9 fimol per kilogram) (unpublished data). The people are
Uighurs, of Turkic origin, who live as subsistence fanners. The an-
nual family income ranges from $70 to $250 (U.S.). The annual birth
rate is 22 percent (based OR village records). Isfars {natality is
hieh. proteut-enerey malnutrition is nearly umverrai in young chil-
dren, ana ncKets is common.

Previous systematic iodine-treatment programs, including those
using iodized salt, intramuscular injections of iodinated oil (in 1984),
and the oral administration of iodinated oQ Cm 1988), have not been
effective in preventing iodine deficiency on a long-term basis in this
region. No records of these programs exist, but retrospective ques-
tiootni indicated that few women of childbearing age had received
iodme. famf ew, tfa»aflecr»euktTii.i-a%iiti«rrlhi frwr 1990 bo

Study DwigR
This study was designed to d termin hether the treatment of

born infa s, young children, and pregnant women (and their fe-'
ruses) with iodine at different ages and durins; different trimester* of
pregnancy would improve neurologic ana mental development, as
compared with the development of cohorts of older children wte had
not previously received iodine supplementation. The study wa jp-
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pmved by the institutional review board of Duke University. All the
parrmj gave oral informed consent: a Uighur-speaking physician
was pan of the team at all times.

The study subjects were 689 children (369 from 2 to 3 yean old,
!71 from I to 2 yean old, 170 from 3 to 12 months old, and 179 new-
borns less than 3 months old) and 295 pregnant women {48 in the
first trimester, defined as more than six months before delivery; 99 in
the second trimester, defined as three to six months before delivery;
and ! 48 in the third trimester, defined as three months or less before
delivery). Two set* of (wins were born to women treated during preg-
nancy. There was no specific provision for a group of women to re-
ceive iodine before conception, but during the course of the study it
was found thai this had occurred in the cases of 13 women. Nearly
all eligible children and women in the eight study villages partici-
pated; there was no evidence to suggest any systematic selection
bias. The interval from iodine treatment until delivery was used to
define the trimester of treatment. Approximately equal numbers of
pregnant women were green-oral loose treatment at one of two spe-

'cinc tier :s, Junt -na ~ov*n»:r, ic crder to balance any seasonal
effect.

The -639 children, tbejr mothers, and the 295 pregnant women
were treated with oral iodinated oil (400 mg of iodine for adults, 50
mg for children up to 12 months of age, and 200 mg for older chil-
dren) at the time of their first encounter with the study physicians;
all the subjects were treated again at six-month or annual reevalua-
tions, inciudinglhoK first treated m utero. Iodinated oil was used un-
til late 1991, when the treatment was changed because die govern-
ment began to supply tablets containing 0.1 mg of potassium iodide,
one of which was to be taken daily for four days each year; this
change had a critical effect only for women treated during the first
trimester, who were the last group to be enrolled. Cohorts of infants
whose mothers received iodine during the first, second, or third tri-
mesters were compared; they were also compared with groups of
children up to three years of age who were examined before treat-
ment; these children served ai control subjects. There were no un-
treated control groups. _ . . . _

In prciiminat » SIUQICJ, 30 children 2 to i4 years of age with clini-
cal!) diagnosed cretinism were examined to determine the character-
istic: of Ct dis: -if- i **••'- rerar. != this x:.^- those with the most
severe m~'?r diV-^r hr_ •*•-. — ~rr.tr; r^~3cephaly. The 3 chil-
dren with quadriplegia had head-circumference values 9, 4.7, and 4.3
SD below the U.S. norms; the 13 children with severe cretinism who
were able to walk had a mean head circumlerence 3.1 SD below the
norm; 8 other children who had hypotonia or ataxia had a mean head
circumference 2.1 SD below the norm; and the 6 mildly affected chil-
dren were normocephalic.

Urinary iodine excretion (measured in random samples) and se-
rum thyroxine and thyrotropin concentrations were measured in the
pregnant women before treatment. Urinary iodine excretion and se-
rum thyroxine concentrations decreased and serum thyrotropin con-
centrations increased during the course of pregnancy. These findings
replicate others in iodine-deficient populations" and suggest that the
'transfer of iodine to the fetus puts increasing stress on maternal pi-
tuitary-thyroid function.

Cllnlcai Nein-oJogtc, »•« Oevsiopnwrits! Examinations
The cniioren were evaluated every six months or every year with

measurctiwuu IN ucight, wrjgm. *no beaa circumference; physical
and neurologic examination!; assessments of the attainment of devel-
opmental milestones; and measurements of serum thyroxine and thy-
rotropin and urinary iodine excretion. The examinations were per-
formed by team physicians, two of whom were Uighur, each became
skilled at one part of the examination. In any age group, not all chil-
dren had all friminnkiM performed; ihmnihi •Mnnari of subject* ia
OKs STO^L ibr unoH* scvihttaK'KpaMMf <&&&*

Ant ncucoMRic exaosMBtiof&» CSCQEQBKQBT agc^AppvoBKiait^

tial responsjveneu, exlraocidar movements, muscle tone,
motor strength, gross- and fine-motor skills, vocalization, and stance
and gait. The children were classified as having moderate or severe-
abnormalities (definite -abnormalities of muscle tone, reflexes, ability
tcv sit or stand, gxtt, band use, extraocuiar inam menu, TOMB, hear-
ing, or responiiveness), having mild abnormalities (no definite abnor-
malities, but a delay in the ««ai««n«!» •* •"5k«os*r or decreased

activity), or normal. The assessments were made independently* by
the same two physicians throuzhout the study: differences were rec-
onciled by joint review of the records. The examiners were aware of
the patients* treatment status but did not know, in general, the time
of treatment.

Measurements of Head Circumference
Head circumference can be easily and precisely measured and

correlates with brain growth (between 33 and 44 cm, head circum-
ference correlates nearly linearly with brain weight") and the mid-
childhood intelligence quotient.30 We normalized the head-circumfer-
ence data for age and sex by calculating standard deviations from the
mean (z score) as the index variable, using U.S. norms.2' In the Tus-
aJa population, the mean head circumference of young children devi-
ates increasingly below U.S. norms with increasing age, making h es-
sential to compare groups of children at the same ages. Standard
deviations for hrad-circumferenee values were plotted against age;
semikmrithmic regression curves (using the natural logarithm of
age) were empirically fitted to tne data. Student's t-test was used to
compare fee-uiesii. for iiHereBt graop* at the same age. Head-cir-
cumferenci ds!2 !br •!•? tzzzxd sswborns were compared with neu-
rologic status in the newborn period (birth to three months) and at
one year of age. The prevalence of microcephaly (defined as a bead,
circumference more than 3 SD below the VS. mean at 12 to 22
jnoaths) was calculated for each troop. , __. ^ . " _ f

Developmental Testing '-t:'.'. •-..-.- i- . •.•_•, v.
Developmental quotients were derived from individual assessments

when the children were about 24 months of age; these consisted of
developmental tasks in four subject areas: fine-motor skills, gross-
motor skills, cognitive development, and language ikilh. Test items
were takes from die Bayiey Scales of Infant Development (I96S edi-
tion).12 In each subject area, items within 6 months above- and below
the 24-month level were used; that is, the assessment included devel-
opmental milestones from 18 to 30 months of age. The test items and
materials •--:•; sitrscs™, c.-!orful, and not specific to any culture,
and the assessment was brief (10 to 15 minutes). After field testing in
Hotirn, inaDoropriate hems were deleted. The most advanced tasks
the chud was acne to perform successfully in each area were used to
calcuUtc an average developmental jge, and a ratio was derived (de-
velopmental age •*• chronological ageXfOO) as an index of overall
development. U.S. norms were used for scoring.

RESULTS
Mortality

Follow-up information was obtained for 89 percent of
the infants given iodine in the postnatal study and for
96 percent of the infants whose mothers received iodine

Table 1. Outcomes of Pregnancies in Women Treated with
Iodine, According to fte Timing of Treatment

SIKU
Ourcota

Total
Abortion
Fetal death
Not pregnant or Ion to

follow-^

13
t
3
0

Four
Tutosna

10
4

SECOND

99
1
6
0

92

Tmno
Tuuuns

14S
2
7
2

74 {

Aboormalityt
MDd 3(3}

''

tMild-4
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during pregnancy; the data includ-
ed fetal loss and postnatal mortali-
ty (Table 1). The rates of fetal loss
and misdiagnosis of pregnancy were
higher among the women treated in
the first trimester. Fetal or neonatal
mortality did not differ significantly
in the second- and third-trimester
groups.
Neurologic Findings

The neurologic findings in each
study group are shown in Figure 1.
The untreated two-to-thrce-ycar-
olds and the. onc-to-two-year-clds
(i.e., those who were evaluated be-
fore treatment) served as historical
controls. Iodine treatment at 3 to 12
months of age, during the neonatal
period (birth to 3 months), or dur-
ing the third trimester had no effect
on neurologic outcome as assessed
at one to two years of age. There
was no difference in the prevalence
of moderate or severe abnormalities
in the infants treated early in the
third trimester (3 to 1.5 months be-
fore delivery) and those treated late
in that trimester (less than 1.5
months before delivery), but mild
abnormalities were less frequent in
those treated early in the third tri-
mester. Iodine treatment during the
second or first trimester was asso-
ciated with a substantially better
neurologic outcome at the age of
one to two years, as compared with

* the outcome in untreated infants of
the same age. Among the 120 in-
fants whose mothers were treated in
the first or second trimester, the
prevalence of moderate or severe
neurologic abnormalities was 2 per-
cent, as compared with 9 percent
(P = 0.008) among the 752 infants
treated in the third trimester or af-
ter delivery.

Dunog pregnancy

First Second First Sec- <3 3-12
tri- tri- hart ood Months Months

mester mester hart

Thiro trimester

No. 01 chfldfen 28 92

Treated
74 63

12-24 24-36
Months Months

Untreated
167 130 161 157

During pregnancy

35

25

20

15

10J-

First Second First Sac- <3 3-12 12-24
tri- tri- half end Months Months Months

mester • mester half

No, of chMrtn 81

Treated
74 $3

- Untreated
167 41 70

Head Circumference
Among untreated newborns, the

mean head circumference was sig-
nificantly smaller in neurologically
abnormal infants (Fig. 2).Toisdi£feience iacreaaedde-

Figure 1. Rates of Neurologic Abnormality and Microcephaly at 1 to 2 Years of Age
in Untreated Children and in Children Treated with Iodine Prenatally or up to 1 Year

after Birth and Rates of Neurologic Abnormality In Untreated Children 24 to 36 "
Months of Age.

hi the upper panel, the solid bars indicate moderate or severe neurologic abnormal-
US**, and the open bars mua neurowgic abnormalities. The asterisk indicates
Barn IVM for «h« comparison wish ess*?" ti»a«art i»t*r «nd untreated children, in the
tower panel, microcephaly is defined as a head circumference more man 3 Su beiow
the U.S. mean at 12 to 22 months of age. The asterisk Indicates P-0.006 for the
ooniparison with children treated later and untreated children. The numbers below

the panels indicate the number of children in each group.

fants wiut fflodcrvtcr or* severe neurologic aoBom
In previously untreated infants who were first exam-
ined at one to three years- of age, the values for median
head circumference were lower and the. prevalence of
microcephaly was 25 to 28 percent. Children whose
mothers were treated during the third trimester of
pregnancy or after delivery had no greater head growth

thereafter they
n up tO 12

redl to tune
of age, but
tely greater

had a statistically significant increase in head circum-
ference as ^fflnip^r*^ with, the untreated children; their
median head drannfcrcnce- was larger (1.4- SD below
the U& mean, P<0.00 1), and the prevalence of micro-
cephaly was lower (1 1 percent, vs. 27 percent in those
treated later; F«O.QQ6), The results for the children

;



1742 THE NEW ENGLAND JOURNAL OF MEDICINE Dec. 29, 1994

whose mothers were treated during the first trimester
are discussed below.

A**e»*menU of Developmental Milestone*
Altogether, 404 children had developmental testing

at about two years of age (Table 2). The group whose
mothers received iodine during the second trimester of
pregnancy, including 18 children whose mothers were
treated six months before delivery, had a mean (±SD)
developmental score that was significantly higher than
that in the untreated group (90±l4 vs. 75±18). The
group whose mothers i-eceived iodine during the third
trimester, the group treated as newborns, and the

Age (months)
4 12

-1

c
CO

oco
0)
M
£a>

O
1

-2

12 months

I
\

Normal
Mildly abnormal •
Moderat*ryor
s*v»r«ry abnormal

• I!

• I

«• II

• III

• III

Figure 2. Mean Head Circumference of Infants Rated Naurotoo-
fcatty Normal (130 Children}. Mildly Abnormal (26 Children), or
Moderately or Severely Abnormal (11 Children) When Examined
as Newboms (Birth to 3 Months of Age) and at 12 Months of Age.
AB the infants received Iodine at the time of the first examination.
The mean head cJrcunierence .of the normal infants was sionif-
fcantty larger at both age* than met of the intantt»iBT«pnormaf-
tfee. (P-O.QOS). The right-hanct column shows th» mean head

att2ifiuiiilWrof age amony children w
erswer* treated duttog the first (I), second (II). and third (1)1) tri-
mesters of pregnancy and who were neurotagjcally normal, mlcJ-
mean head drcumterenc»ol1rie'nofiTiati*anli»i»»

larger than that of the infants with abnormafiBe* (P- 0.005).

Table 2. Results of Developmental Testing at Two
Years of Age among Untreated Children and Chil-
dren Treated with iodine before Two Years of Age.

TIHIMC or TUATMixr
No. or

1*1 QUOTIENT* CWUUN t Vaunt

Treated during pregnancy
Fust trimester
Second trimester
Third trimester

Treated as oewborns (binb
to 3 mo)

Treated 3-12 mo after de-
livery

Untreated (2-year-okb)
Total

S3±M
77±II
90±U
80=15
79±!0

S0±g

184 0.007
28 0.5
71 <0.001
8S, 0.08 -
90

93

0.10

0.06

37 —
404 —

(«•• I :SOL 100± 16).
3*

•By tnmjwira mfe u S.
*^r <te enmrarira

TM,. br Snjdeoii i^t

group treated at 3 to 12 months had slightly higher
scores than the untreated group (P=0.06 to 0.10). The ..
group whose mothers were treated during the first tri- ,
mester had a mean score similar to that of the untreat- ! ;
ed group. The developmental test results were not af- ^ "
fected by the sex of the child, the mother's age at
delivery, or the presence of goiter in the mother.

Children of Mother*. Treated during the First Trimester
The, group of children whose mothers were-treated

during the first trimester of pregnancy (more than six
months before delivery) was the last recruited, because
special efforts were necessary to identify women in ear-
ly pregnancy, including tne use, of urine pregnancy
tests. Women were also sought in adjoining towns sim- . _
ilar to Tusala. All these women were treated with po-
tassium iodide tablets, which contained only a small
amount of potassium iodide (0.1 mg), to be taken once
daily for four days; data on compliance and the dura-
tion of effectiveness are lacking. As compared with the
18 children born to mothers who were treated six
months before delivery (10 with tablets), the children
whose mothers were treated earlier had a smaller mean
head circumference, lower mean developmental quo-
tient, and smaller stature (Table 3). Four of those 28
children had mild neurologic abnormalities, as com-
pared with none of the group treated at six months.

DISCUSSION
We have shown that the administration of iodine to

pregnant women during the second trimester of preg-
nancy improved neurologic and psychological develop-
ment in their children, as indicated by three independ-
ent measures of development at two years of age; the
children treated prenafafrf bad fewer riewtjfcgic abnor-
malities, increased head growth* and an improved de-
velopmental quotient. Treatment after the beginning of
the third trimester was not associated with improve-
ment in neurologic status, but head growth, after one
year of age and developmental quotients may have im-
proved somewhat. These results suggest that iodine de-



Table 3. Results in Children Whose Mothers Received Iodine Six-
Months or More before Delivery*

TlM£ Of THIATHEUT
<MO atFOU DEUVEIT)

6 (included ia tecood
trimmer)

X-7
>7-«
>t-9
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>6-9mo)

No.

18

10
10
g

—

HEAD •
CUICUM-
ItJlENCl

-IJ±1.1

-1.9±1.2
-2.8*1.3
-2.6±l.4

0.02f

DQ

88±8

77±9
76±ll
77±16
<O.OOIt

HEIGHT

-2JS0.8

-3.5*0.8
-2.6*0.9
-3.7*2.3

0.04t

No WTTH MILD
NEUROLOGIC

AtNOUUUTY

0

1
1
2

0.20^

•Head circumference aod neiiht art expressed ia standard deviations from the U.5. mean
for children of the ume ife. DQ denotes developmental quotient. For neuralofk abnormali-
Det. die aufliber with mild abnormality u shown: aone oflhete children had moderate or severe
abeomaloy.
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ficiency at the beginning of the third trimester causes
irreversible abnormalities in head growth and neuro-
logic development. Although it did not improve neuro-
logic development, treatment during the third trimester
or during the newborn period was associated with a
trend toward higher developmental scores (as com-
pared with those in untreated infants) and a slightly
larger mean head circumference after one year of age.

brain weight and protein content, correlating with cdl
differentiation, is most rapid during the third trimes-
ter.26 Thus, iodine deficiency in the third trimester
could explain postnatal microcephaly. A critical event
early in the third trimester also appears to limit later
brain growth, since later treatment caused only slight
and delayed catch-up increases in head circumference.
In summary, a thyroxine-dependent event, important
for subsequent brain growth and ne'uromotor develop-
ment, may occur during a fairly narrow period at the
beginning of the third trimester. Interestingly, treat-
ment with iodine during the third trimester or the neo-
natal period appears to cause increased head growth
that begins only after one year of age (Fig. 3); this sug-
gests that a second critical thyroxinendependent event
in the newborn period may determine brain growth
that becomes evident only much later and that this
event is therefore important for mental development.

In iodine-deficient sheep fetuses treated with iodine
or thyroxinc at the end of the second trimester (100
days), histologic examination of the brain at 140 days
showed overall improvement after treatment, but some
defects, including impaired synaptogenesis, were not
corrected.27 In a study in which women received injec-
tions of iodized oil, cretinism was prevented by injec-
tions before conception but not thereafter,3 leading to

Thus, the effect of treatment on these measures may-- —-the-conclusion that iodine deficiency has crucial effects
last longer (through the first postnatal year) than its
effects on earlier head circumference and neurologic
status.

The women treated during the first trimester of
pregnancy received an inadequate amount of iodine,
because of the change in the form of
supplementation from iodinated ofl
to oral tablets. One tablet, contain-
ing 0.1 mg of potassium iodide, was ^ n
to be taken daily for four days; these
were often not taken under supervi-
sion. The change to a lower, unsu-
pervised dose explains the finding
that treatment during the first tri-
mester was associated with poorer
outcomes in the children; outcomes
were worse the earlier treatment
was given. This inadequate treat-
ment appears to have had a favor-
able effect on neuromotor develop-
ment, but not on later brain growth
or developmental scores.

On the basis of experimental stud-
ies it appears that thyroxine primar-
ily affects neuronal differentiation,
the formation of neural processes,
and synaptogenesis.B<24 In human
fetuses, the proliferation of neurons
fcr the cerebral cotter, cochlea, and
basal ganglia (s

in the first trimester of pregnancy. In that study,
among 90 women treated during pregnancy, the chil-
dren of 5 had cretinism; 4 of the mothers were treated
at approximately 26, 30, 32, and 36 weeks of gestation
and 1 at approximately 13 weeks. Fetal ages were csti-

12

Age (months)
18 24 30 36

TfMlDd in tacond trimwtef (n « 82)

~~ -—TrMtad •» rwwboms (n « 95)

Untr9attxi(ri«138j

TtMtad in third
trim«stsr(n»137)

'63)

Figure 3. Mean Growth in Head Circumference among Untreated Children and
among Children Treated with Iodine, According to Time of Treatment

The groups include children treated during the newborn period (those less than
ted during the first, sec-

in the deficits that characterize cre-
tinism4AJS) occurs mostly during the'
second trimestec. The increase in

ond or (UulMnHlwof iMynnieyi Mwrthe*ddrcanif»jJin
number or standard deviation* (r wean/) below tt» OS. norm." Th» curve* tn
semitogarfthmie regression curve* that be*t fit the data (SO for head drcumfemnc*
vs. the natural log of postnatal age in months). The bars chow the standard errors

h

group* assessed at different eg**.
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mated retrospectively and were imprecise, since in this
population exact birth dates were not noted. These
results do not contradict ours; treatment during the
third trimester was not protective, and only one case
of cretinism resulted after apparently timely treatment
(at 13 weeks). Some have expressed concern about pos-
sible harm to the fetus from transient hvpothyroidism
after treatment with large doses of iodine late in the
third trimester.28 Our results do not suggest-such a
problem.

Our findings have practical implications for iodine
prophylaxis. It is obviously preferable to start provid-
ing iodine before pregnancy and to provide it continu-
ally. In Hotien, for example, we developed a technique
of adding potassium iodate to irrigation water to pro-
vide iodine on an ongoing basis to the entire popula-
tion.29

We are indebted to Stephen George, Ph.D., for statistical assist-
ance; to Lu Ti-zhang, M.D., for the biochemical measurements; to
John Stanbury, M.D., for his strong support; and to the many Ui-
ghur and Chinese people who willingly assisted the project in
many ways. . •
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